Verticillium wilt caused by Verticillium dahliae is one of the most threatening diseases of olive worldwide. For preplanting and post-planting control of verticillium wilt in olive trees, availability of a rapid, reliable and non-destructive method for detection of V. dahliae is essential. For such a method, suitable and easily performed sampling and efficient processing of samples for extraction of DNA are necessary. In this study, the suitability of young twig and leaf samples of olive trees, which are easy to collect and extract DNA from, were assessed for the detection of V. dahliae in routine procedures. The lower (about 50 cm from the tip) and top parts (about 5 cm from the tip) of twigs, as well as leaves from infected olive trees were screened for V. dahliae infection and distribution using real-time PCR. The biomass of V. dahliae detected in individual twigs was highly variable, but there was no significant difference between mean quantities of V. dahliae DNA detected in top and lower parts of twigs. Furthermore, it was demonstrated that analysis of combined samples containing DNA extracted from five twigs of an infected tree accurately detected the presence of the pathogen. Similarly, testing combined samples of 5-10 leaves enabled reliable detection of the pathogen in an infected tree. The development of this assay enables reliable detection of V. dahliae in infected olive trees that can aid in management decisions for the implementation of integrated disease management.
Introduction
Olive (Olea europaea) is one of the most ancient cultivated plant species and has a huge economic and social importance in olive-producing countries worldwide (Bl azquez-Mart ınez, 1996; Civantos, 2004) . Verticillium wilt caused by the fungus Verticillium dahliae is a major disease of this tree crop, causing serious concern to growers, nursery companies and the olive oil industry (L opez-Escudero & Mercado-Blanco, 2011; Jim enez-D ıaz et al., 2012) . The outbreak of this disease was first reported in Italy in 1946, followed soon after in California, European and Asian countries and Australia (L opezEscudero & Mercado-Blanco, 2011) , and, most recently, in Argentina (Ladux et al., 2014) . Currently, verticillium wilt is considered one of the most important diseases of olive with most olive cultivars being susceptible (L opezEscudero & Mercado-Blanco, 2011; Jim enez-D ıaz et al., 2012) .
Verticillium dahliae is a soilborne fungus that can survive as microsclerotia in the soil or on plant debris for prolonged periods of time (Pegg & Brady, 2002) . The presence of root exudates from roots of host plants growing nearby stimulates germination of microsclerotia that give rise to the formation of infective hyphae. The fungus penetrates the roots of the host plants, and, once inside the root of a susceptible plant, the fungus grows into the xylem vessels where it produces conidia and spreads upward by a combination of passive movement of conidia with the transpiration stream and active growth of hyphae into neighbouring xylem vessels. Collectively, this enables rapid colonization of the above-ground parts of tree hosts by the fungus (Hiemstra, 1998; Pegg & Brady, 2002) . As a result of the presence of the fungus and the defence reactions of the infected plant, such as secretions of gums and gels into xylem vessels as well as the formation of tyloses, xylem vessels may be occluded. This reduces water transport capacity, triggering the typical wilt symptoms, but also defoliation and dieback of shoots or even death of complete trees (Hiemstra, 1998; Pegg & Brady, 2002; Ba ıdez et al., 2007) .
Control of verticillium wilt of olive is difficult, particularly due to the long survival time of microsclerotia in soil, the long lifetime of olive trees with continuous exposure to inoculum present in the soil, the broad range of hosts that enhances the pathogen survival capacity, and the absence of methods to cure infected trees (Tjamos, 1993; Tjamos & Jim enez-D ıaz, 1998; L opez-Escudero & Mercado-Blanco, 2011) . Therefore, the best way of controlling verticillium wilt in olive is implementation of an integrated disease management strategy. Essential elements in such a strategy are the use of pathogen-free plant material, especially when planting in areas free of V. dahliae, and swift identification of diseased trees, aiming to minimize damage by preventing an outbreak or stopping verticillium wilt from spreading further (Barranco et al., 2010; L opez-Escudero & Mercado-Blanco, 2011; Hiemstra, 2015) . To this end, a rapid, reliable and preferably nondestructive method for detection of V. dahliae, particularly in symptomless infected plants, is highly desired.
Traditional methods for detection of fungi from diseased plants involve plating small subsamples of infected plant material onto agar plates, and identification of the resulting colonies by visual inspection. Such plating assays are laborious and time-consuming, and therefore not suitable for routine testing of large numbers of samples. Detection of V. dahliae using plating assays takes at least 7-10 days (Termorshuizen, 1998) . However, realtime PCR technology has allowed the design of fast and sensitive methods for detection and quantification of DNA of pathogens. The use of real-time PCR for detection and quantification of V. dahliae in samples from diseased olive trees has been reported by several authors (e.g. Mercado-Blanco et al., 2003; Lievens et al., 2006; Markakis et al., 2009; Ceccherini et al., 2013; Gramaje et al., 2013) .
For robust and reliable PCR detection of the pathogen in practical disease management, suitable and easily performed sampling methods and efficient processing of samples for extraction of DNA are required. Arguably, young twigs and leaves are the most appropriate parts for sampling, due to the ease of collection and suitability for DNA extraction, as well as the nondestructive character of such a sampling method. However, it is currently unknown whether V. dahliae will always be present in these tissues in every infected tree. Moreover, as a result of the way in which infected trees are colonized, i.e. through conidia transported by the sapstream in the xylem, the resulting distribution of V. dahliae may be discontinuous and parts of trees with symptoms may remain free from the fungus. Thus, information on the distribution of V. dahliae within these parts of infected olive trees may help to design an appropriate and efficient sampling method for reliable detection of the pathogen.
The aim of this study was to assess the suitability of twig and leaf samples for use in routine procedures to screen for V. dahliae infection by investigating the distribution of V. dahliae in young twigs and leaves of naturally infected olive trees using real-time quantification of V. dahliae DNA. Additionally, an investigation was made of whether combining individual twig or leaf subsamples for one real-time PCR analysis per tree gave reliable detection of V. dahliae DNA. The final aim was to design an easy and efficient sampling protocol for reliable detection of V. dahliae in olive trees that can provide information for diagnosis-based strategies to manage verticillium wilt in olive production.
Materials and methods

Plant material and sampling
This study was carried out with samples from olive trees (O. europaea) from five olive cultivars (Table 1) showing symptoms of verticillium wilt. Samples were collected in Spain, Portugal and Greece in different seasons of the years 2012 and 2013. In total, 58 trees were sampled, organized in six groups according to the region and date of sampling (Table 1) . Samples were taken from the middle region of the crown, at different sides of the tree (Fig. 1a) . From each tree, 5-10 twigs (about 50-60 cm in length) with leaves attached to them were collected from branches with symptoms, put into labelled plastic bags (one sample per bag) and kept out of the sun until they could be shipped to the laboratory in the Netherlands by courier. Temperature recorders included in one of the shipments (Table 1 , group 4) showed that temperatures during transport did not exceed 32°C and were mainly below 30°C. At the laboratory, samples were stored in a cold room (4°C) until processing, usually within 4-6 weeks from collection.
DNA isolation
For DNA isolation from twigs, 300-400 mg of woody parts from the top (about 5 cm from the tip) and lower parts (about 50 cm from the tip) of the twigs were used (Fig. 1b) . First, the 10 cm long pieces of the top and lower part of the twigs were washed under running tap water for 1-2 min and dried for a few minutes on sterile paper. Then, the bark was removed under sterile conditions and small (about 2-5 mm) pieces of xylem tissue were taken using a sterilized (70% alcohol) scalpel and put in a 2 mL tube containing 1 mL lysis buffer AP1 of the DNeasy Plant Mini kit (QIAGEN) and 4-5 stainless steel beads (3.2 mm diameter; BioSpec). Next, the tubes were incubated for 15-30 min at 65°C and then shaken in an MM 400 mixer mill (Retsch) for 15 min at 30 Hz. After centrifugation at 11 200 g for 5 min, 400 lL of suspension was used for total genomic DNA extraction using the DNeasy Plant Mini kit according to the manufacturer's instructions. Extracted DNA was quantified using a BioPhotometer (Eppendorf AG) and concentrations were equalized by adding elution buffer or DNase-free water. For DNA isolation from leaves, samples were ground in liquid nitrogen to a fine powder using a mortar and pestle (Dellaporta et al., 1983) . Next, about 100-150 mg of powder were transferred to a 2 mL tube with 1 mL of lysis buffer AP1 for DNA extraction according to the manufacturer's instructions. Concentrations were adjusted as described above.
Quantification assay
Real-time PCR using a V. dahliae-specific primer pair designed using the internal transcribed spacer (ITS) region (Van Doorn et al., 2009) (VerDITSF: 5 0 -CCGGTCCATCAGTCTCTCTG-3 0 , VerDITSRk: 5 0 -CACACTACATATCGCGTTTCG-3 0 ) was performed to quantify the amount of V. dahliae DNA. In previous work, these primers were shown to be highly specific to V. dahliae as they only reacted with V. dahliae isolates and not with other Verticillium species (V. albo-atrum, V. longisporum, V. tricorpus) or common plant pathogenic or soil inhabiting fungi (Van Doorn et al., 2009; Hiemstra et al., 2013) . Amplification was carried out in a 25 lL final reaction volume containing: 1.5 lL DNA extract, 10 nM each primer, 12.5 lL SYBR Green Supermix (29) and sterile nuclease-free water to reach the appropriate volume. Each run included a positive control containing pure V. dahliae (isolate V117; supplied from the collection of the Laboratory of Plant Pathology, Department of Agronomy, University of C ordoba) DNA, a negative control containing nuclease-free water instead of DNA, and another negative control containing DNA isolated from leaves collected from a healthy ornamental olive tree in the Netherlands. At least two simultaneous replicates were carried out for each sample. All real-time PCR assays were performed in a Max 3000P realtime PCR machine (Stratagene). The real-time PCR programme consisted of an initial step of denaturation for 10 min at 95°C; then 45 cycles of 15 s at 95°C, 40 s at 62°C, and 40 s at 72°C. A melting curve programme was also run for which measurements were made at 0.5°C temperature increments every 10 s within a range of 56-94°C to determine signals from specific and nonspecific products. Based on the melting profiles obtained from preliminary runs, the reading step for fluorescence emission was set at T m = 81°C for all runs (Fig. 2a) . To determine the quantity of V. dahliae, a standard curve was generated by plotting the logarithm of known DNA concentrations of a tenfold dilution series of DNA (10 ng lL À1 ) of V. dahliae isolate V117, against the threshold cycle (C t ) obtained in the real-time PCR assays. A DNA quantity of 0.001 ng (C t of 36 according to the standard curve) was considered to be the threshold value suitable for quantification (Fig. 2b) . The efficiencies (E) of the PCRs were calculated using the slope of the standard curve, according to the formula E = 10 À1⁄slope , and percentage efficiencies as (E -1) 9 100. Primers specific for the plant cytochrome oxidase (COX) gene (Weller et al., 2000) were used to quantify the amount of plant DNA in the sample. Subsequently, the relative quantity of V. dahliae DNA in the tested samples was calculated based on the quantity of V. dahliae DNA (ng) in 100 ng total DNA (including pathogen and plant DNA) isolated from infected plant materials. Mean values were compared using t-test analysis and Fisher's protected LSD at a = 0.05.
Plating assay
To isolate V. dahliae, stem samples of 10 cm in length were first washed under running tap water. After drying, the bark was peeled off and chips from xylem sheets of the two most recent growing years were taken and disinfected for 1 min in a 10% solution of chloramine-T hydrate 98% in water. Subsequently, wood chips were washed with sterile water for 30 s and dried on Whatman filter paper, then placed onto potato dextrose agar (PDA) plates that were incubated at 24°C in the dark. After 7 days the number of wood chips yielding V. dahliae colonies was counted.
Results
Efficiency of real-time PCR in comparison to plating assays
In a preliminary experiment, 60 twig samples, collected from 1 healthy and 13 diseased trees that varied in disease severity (Table 1 , group 0), were examined for presence of V. dahliae using both real-time PCR and plating assays. By plating assays, V. dahliae was detected in only seven samples (12%), all from trees with severe disease symptoms. In contrast, by real-time PCR, the pathogen was detected in 31 samples (52%) including samples from trees with moderate or even few symptoms of verticillium wilt ( Table 2 ). The efficiency of reactions was 107.7%, indicating the high efficiency of the real-time PCR assay in this study. Samples from a healthy tree were negative with both methods. Thus, the PCR method used had a higher sensitivity for detection of V. dahliae in olive shoot samples than the standard plating assay, especially in trees showing only little or moderate symptoms. However, the percentage of V. dahliae-positive samples per tree varied strongly, from 17% (one out of six) to 100% (six out of six) suggesting that several shoot samples per tree should be analysed for a reliable result.
Identification of infected trees
All twigs (five per tree) collected from 44 trees in five sampling groups (Table 1 , groups 1-5) were tested individually with real-time PCR by analysis of one subsample of each twig containing fragments from its different parts (Table 1 , groups 1-5). Results from this analysis confirmed the presence of V. dahliae in 35 out of the 44 sampled trees (i.e. the fungus was detected in at least one sample per tree). This, again, was substantially more than the number of infected trees detected by standard plating assays that were performed in parallel for some of the trees; out of the 15 sampled trees from groups 3 and 5 that tested positive for V. dahliae by PCR, only eight trees were found to be V. dahliae-positive by the plating assay (Table 1 ). The trees that tested negative for V. dahliae by PCR were discarded from further research.
Presence of V. dahliae in individual twigs
To investigate the distribution of V. dahliae in twigs of infected trees identified in the first step, 55 twigs from 11 infected trees (two, two, one, five and one tree(s) respectively from the groups 1-5 in Table 1 ) were analysed for V. dahliae colonization. To this end, top (about 5 cm from the tip) and lower parts (about 50 cm from the tip) of five twigs per tree were analysed separately with real-time PCR. The analysis of mean values of the real-time PCR results for individual samples revealed that V. dahliae quantities were highly variable between and within shoots. Out of the 110 samples that were examined, 28 individual samples (25%) yielded no V. dahliae DNA and many samples yielded very low levels, whereas in 14 out of 110 samples V. dahliae DNA levels from over 5% up to almost 50% of total DNA were detected (Fig. 3) . Moreover, although many of the differences between samples from top and lower parts of a twig were statistically significant, one part did not contain consistently higher amounts of V. dahliae DNA than the other.
Detection of V. dahliae in combined twig samples
Because of the high variation in the amount of V. dahliae DNA detected in individual twig samples of infected trees, combined samples from five twigs per tree were processed and used for V. dahliae detection. To this end, for all 35 infected trees, DNA samples isolated from five individual twigs per tree were mixed in equal amounts, separately for the top and lower parts, and used for quantification of V. dahliae DNA. In this manner, V. dahliae DNA was detected in all trees, both in the combined samples of the lower and of the top regions of twigs. Again, although for some trees the differences between amounts detected in top and lower parts were significant, no consistent pattern of one region yielding more V. dahliae DNA than the other was detected and, in most of the trees, no significant differences were observed between mean quantities of V. dahliae DNA detected in top or lower parts of twigs (P = 0.05; Fig. 4) . Thus, the analysis of mixed DNA samples from either the top or lower regions of five twigs per tree gave reliable results, whereas the results from individual twigs were much more variable. After testing samples from 35 infected trees for presence of V. dahliae, analysis of just one sample per tree (top or lower region of a twig) gave 25% negative results, combined top and lower regions from one twig per tree gave 10% negative results and analysis of combined top or lower regions from five different twigs per tree gave 0% negative results. To determine whether V. dahliae detection could be made more time-efficient, samples of five twigs per tree were combined prior to DNA extraction. Twenty-five twigs were sampled from five infected trees, and, after combining subsamples taken from top or lower regions of five twigs per tree, total DNA was isolated. All DNA samples were analysed using real-time PCR for detection of V. dahliae DNA. Interestingly, V. dahliae DNA was detected in all DNA samples from combined twigs (Fig. 5 ) and the amounts of V. dahliae detected were comparable to mean quantities from five individual twigs (Fig. 4) . Similar to the results of individual twigs, statistical analysis did not show significant differences between results for samples from top and lower regions of shoots for most of the samples (P = 0.05; Fig. 5 ). Thus, detection of V. dahliae after extraction of DNA from combined samples of five twigs was as robust as detection in mixed DNA samples extracted from five individual twigs; this significantly reduced the amount of samples that needed to be extracted in order to detect V. dahliae reliably in infected olive trees.
Detection of V. dahliae in leaves
To examine the use of leaves of infected olive trees as a substrate for reliable detection of V. dahliae, 40 individual leaves were randomly collected from twigs with symptoms from four infected olive trees (10 leaves from each tree). DNA was extracted from all individual leaves and analysed with real-time PCR. At least two repeats were run for each DNA sample. Although V. dahliae DNA was detected in most of the samples, analysis of mean values of real-time PCR results showed that, as observed for individual twigs, quantities of V. dahliae appeared to be highly variable between individual leaves of the same tree (Fig. 6) . Therefore, the suitability for detection of V. dahliae DNA of combined samples from sets of 5, 10, 15, 20 or 25 leaves, randomly collected from twigs with symptoms from three infected trees, was assessed. For each tree, at least three replications of each sized set of leaves were tested. For each DNA sample extracted from each set of leaves, two repeats were run in real-time PCR assays. Verticillium dahliae DNA was readily detected in all sets of leaves. Less variation was observed in mean quantities of V. dahliae DNA detected after repeated testing of different sets of leaves from the same tree than was observed after testing individual leaves of the same tree. Thus, testing of combined samples of leaves was appropriate for fast and reliable detection of V. dahliae in infected trees. Furthermore, statistical analysis did not show significant differences between different set sizes that were tested for the same tree (Fig. 7) and so samples composed of 5-10 leaves collected from branches with symptoms were sufficient for accurate detection of V. dahliae in infected olive trees. Figure 3 Mean quantities of Verticillium dahliae DNA (ng) in 100 ng of total DNA extracted from individual twigs of olive trees. From each tree, the top (about 5 cm from tip) and lower (about 50 cm from tip) parts of five individual twigs were analysed separately. A triangle (▼) indicates that V. dahliae DNA was not detected (threshold value 0.001 ng DNA according to the standard curve). Each bar is the mean value of at least two replicates for each DNA sample. Error bars show standard deviation. An asterisk (*) indicates twigs for which significantly different quantities of V. dahliae DNA were detected in lower and top parts (a = 0.05).
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Discussion
The main goal of this study was to provide information on the distribution of V. dahliae within diseased olive trees in order to design efficient nondestructive sampling protocols for reliable detection and quantification of V. dahliae using PCR technology. The study focused on sampling of young twigs and leaves because these samples can be collected relatively easily without destruction of the tree. Indeed, in this investigation, V. dahliae DNA Figure 4 Mean quantities of Verticillium dahliae DNA (ng) in 100 ng of mixed DNA samples from lower (about 50 cm from tip) and top (about 5 cm from tip) parts of olive tree twigs, detected after mixing equal amounts of DNA isolated from five individual twigs per tree. Top and lower parts of twig samples of 35 trees were analysed separately. Each bar is the mean value of two replicates for each DNA sample with standard deviation. Means of the results of top and lower parts were compared for each tree separately, based on t-test analysis. An asterisk indicates trees for which significantly different quantities of V. dahliae DNA were detected in lower and top parts (a = 0.05). Figure 5 Quantities of Verticillium dahliae DNA detected in 100 ng of mixed DNA samples extracted from top (about 5 cm from tip) and lower (about 50 cm from tip) parts of five individual olive tree twigs (A bars), and in 100 ng DNA extracted from combined samples of five twigs (B bars). Each bar is the mean value of at least three replicates for each DNA sample. Error bars show standard deviation. Mean quantities of V. dahliae DNA in mixed DNA samples extracted from five individual twigs and from combined samples of five twigs were compared, based on t-test analysis. An asterisk indicates cases where the quantities of V. dahliae DNA detected by the two approaches were significantly different (a = 0.05).
Plant Pathology (2017) 66, 641-650 could be successfully detected and quantified both in twig and leaf samples collected from naturally infected trees in olive orchards at different periods and in different regions. The real-time PCR with ITS-based primers (Van Doorn et al., 2009 ) used gave a much higher percentage of samples positive for V. dahliae than the standard plating method, indicating it was a much more sensitive method (Table 1) . This is in agreement with the results of Morera et al. (2005) and Karajeh & Masoud (2006) who also reported that detection using PCR technology was much more reliable for detecting infected olive trees than the traditional plating method.
Analysis of twig samples collected from different sides of the crown of infected olive trees resulted in detection of highly variable quantities of V. dahliae DNA, even within twigs, implying a nonuniform distribution of the fungus within infected parts of diseased olive trees. In the past, several authors have reported a noncontinuous distribution of V. dahliae in infected olive trees (e.g. Wilhelm & Taylor, 1965; Vigouroux, 1975) . However, in the present study, the number of negative samples was very low. This may be attributed to the real-time PCR method being much more sensitive than the plating method used by those authors. In the present investigation, it was also found that the relative amount of V. dahliae DNA in most of the samples was low, indicating limited fungal growth within the tissues of the host. This is in accordance with a colonization process that is Figure 6 Quantities of Verticillium dahliae DNA (ng) in 100 ng total DNA extracted from individual leaves that were randomly sampled from branches with symptoms from four infected olive trees. From each tree, 10 leaves (L1-10) were assayed separately. Triangles (▼) indicate that no V. dahliae DNA could be detected. Each bar is the mean value of at least two replicates. Error bars show standard deviation. supposedly based on the fungus being mainly transported by conidia that passively move with the sap stream until they are trapped at vessel ends, or other obstructions within the xylem vessels of the host, where they may germinate, start hyphal growth and form new conidia (Hiemstra, 1998) . The rather high relative amounts of V. dahliae DNA detected in some samples may originate from such sites with relatively profuse hyphal growth. Furthermore, resistance mechanisms of the host plant that pose widespread local occlusions of xylem vessels may restrict uniform spread of the pathogen (Hiemstra, 1998; Pegg & Brady, 2002) . In naturally occurring infections it is very likely that the uneven distribution of V. dahliae in soil results in just a part of the root system being infected. Because olive trees are highly sectored, with direct vascular connection of specific roots and shoots (Lavee, 1996) , infection through one major root may lead to a tree with serious symptoms in one part of the crown whereas other parts of the crown remain free of symptoms (Levin et al., 2003) . This explains the common phenomenon that diseased olive trees show some branches with severe symptoms of verticillium wilt whereas other parts of the tree may be completely free from symptoms (Fig. 1) . However, this did not affect the results, as samples were always collected from parts of the trees with symptoms. The results demonstrate that, in these parts, V. dahliae was clearly present in a more or less continuous pattern, although the relative amount of the fungus could vary strongly and occasionally the pathogen may not be detected at all.
Because of the varying amount of pathogen within infected parts of diseased olive trees, analysis of samples collected from different twigs in the diseased part of a tree will increase reliability of the screening for presence of V. dahliae, as has been suggested previously by Karajeh & Masoud (2006) and Levin et al. (2003) . This is confirmed by the results of the present study as, for all infected trees, analysis of a mixed sample from five twigs resulted in detection of V. dahliae, whereas some of the twig samples were negative when tested individually. Moreover, when samples from different twigs were mixed prior to DNA extraction and PCR analysis, positive results were obtained for all infected trees tested; such an approach reduces the costs of quantification assays by reducing the number of tests required for reliable analysis of individual trees. This is particularly important in large-scale diagnostic experiments.
Several studies have demonstrated the presence of V. dahliae in petioles of infected olive trees (Tjamos & Despina, 1987; Prieto et al., 2009) . However, the present results represent the first systematic testing of large sets of leaves. Comparable to the results using twig samples, high variation was observed in relative quantities of V. dahliae DNA detected in individual leaves. This again may be explained by the fact that distribution of the pathogen throughout the vascular system of naturally infected trees is not uniform. To overcome the variation caused by testing individual leaves, DNA from several sets of combined leaves was tested and V. dahliae DNA was detected in all sets of leaves (containing 5, 10, 15, 20 or 25) , with less variation in quantities of V. dahliae DNA between replicates of each set from the same tree. The maxima for the relative amount of V. dahliae DNA detected in leaf samples were substantially lower than for twig samples, which may be explained by the type of samples. As long as its host is still alive V. dahliae is confined to the xylem vessels, which do not contain living plant cells and therefore have no plant DNA. Twig samples that were analysed consisted of xylem tissues with a high proportion of non-living plant tissue, whereas in leaf samples parts of the whole leaf were analysed. Thus, the latter samples contained relatively more living plant cells and most probably a higher percentage of plant DNA.
In conclusion, to minimize damage of verticillium wilt on olive trees and to stop the pathogen from spreading further, early detection of the pathogen as part of an integrated control strategy is necessary (L opez et al., 2003; Hiemstra, 2015) . For robust and reliable detection of the pathogen as part of such a strategy, nondestructive and easily performed sampling is required (L opez et al., 2003) . Due to the distribution of the pathogen within the tree, detection using single samples is unreliable. Data presented in this study demonstrate that testing one combined sample, comprising subsamples from at least five twigs from different sides of the tree, or 5-10 leaves randomly collected from twigs with symptoms can reliably detect the pathogen. With this valuable information, easy and efficient sampling protocols for detection of V. dahliae in olive trees can be designed as part of integrated management strategies for the control of verticillium wilt in olive. The results demonstrate that the procedure presented here works well for reliable and efficient detection of V. dahliae in diseased olive trees. However, this study only addressed trees with symptoms, and so its robustness in early detection of the pathogen in symptomless trees, whether tolerant (i.e. infected without symptoms) or recently infected (i.e. not yet showing symptoms), remains to be studied in more detail.
